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(54) PLASMA DISPLAY PROTECTIVE PLATE AND ITS MANUFACTURING METHOD 



(57) A plasma display protective plate provided over 
the front surface of a plasma display to block near-infra- 
red radiation and electromagnetic waves which are 
emitted from the plasma display, to prevent external 
light from reflecting and to protect the display main part. 
An electromagnetic wave shielding conductive film (2) 
which is a multilayer film made of an oxide and a metal, 
electrodes (3) which are electrically connected to the 
conductive film (2), scattering-preventive resin films (5), 
and a near-infrared absorbing resin film (6) are formed 
on a substrate (1) of a glass plate to provide the protec- 
tive plate. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a protective plate provided at a front face of a plasma display (hereinbelow, 
referred to as PDP) to protect the main body of PDP and subjected to a treatment for reducing electromagnetic noises 
and near infrared rays generated from PDP. 

BACKGROUND ART 

w 

[0002] Since a conventional PDP comprises very precise electric components, if it was used as it is and if a user acted 
on it to apply a force to its surface, there was a high possibility of causing damage. Accordingly it was necessary to pro* 
vide protection to prevent the damage. 

[0003] Further, since PDP generates electromagnetic waves harmful to human body and near infrared rays which 
15 causes erroneous operations of remote controllers for various kinds of electrical equipments, there has raised necessity 
for providing a protective plate having a shielding property to the electromagnetic waves. 

[0004] It is an object of the present invention to provide a protective plate for PDP provided with a near infrared ray 
shielding property and an electromagnetic wave shielding property and a method for producing the same. 

20 DI SCLOSURE Q F THE; INVENTION 

[0005] The present invention is to provide a protective plate for PDP comprising a conductive substrate for protecting 
PDP and an electrode in electrical contact with the conductive plate, and a method for producing the same. 
[0006] In a preferred example of the present invention, there is the above-mentioned protective plate for PDP (here- 
25 inbelow, referred to simply as the protective plate) wherein the conductive substrate for protecting PDP comprises a 
substrate and a conductive film formed on the substrate. 

BRIEF DESCRIPTION QF THE DRAWINGS 

30 [0007] 

Figure 1 is a cross-sectional diagrammatical view of a layer structure as an embodiment of the protective plate of 
the present invention. 

Figure 2 is a front view of the protective plate according to the embodiment of the present invention viewed from a 
35 viewer side. 

Figure 3 is a rear side view (a view from a PDP panel side) of the protective plate in Figure 2. 
Figure 4 is a cross-sectional diagrammatical view showing a layer structure as another embodiment of the protec- 
tive plate of the present invention. 

Figure 5 is a cross-sectional diagrammatical view showing a layer structure as another embodiment of the proteo- 
se tive plate of the present invention. 

Figure 6 is a graph showing an electromagnetic shielding property of the protective plate according to the first 
embodiment. 

Figure 7 is a cross-sectional view of an embodiment of a conductive film formed on a substrate according to the 
present invention. 

45 Figure 8 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 

Figure 9 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 

Figure 1 0 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
so invention. 

Figure 1 1 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 

Figure 12 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 

55 Figure 1 3 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 

Figure 14 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 
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Figure 1 5 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 

Figure 1 6 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 

5 Figure 1 7 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the present 
invention. 

Figure 18 is a cross-sectional diagrammatical view showing a process for producing the protective plate shown in 
Figure 17. 

w PEST MOPE FOR CARR Y IN G O UT THE I NVENTION 

[0008] Hereinbelow, the present invention will be described in detail with reference to the drawings. In Figure 1 . ref- 
erence numeral 1 designates a substrate, numeral 2 a conductive film, numeral 3 an electrode, numeral 4 a colored 
ceramic layer, numeral 5 a resinous film for preventing scattering and reflecting, and numeral 6 a near infrared ray 
15 shielding resinous film. Figure 2 is a front view of an embodiment of the protective plate of the present invention viewed 
from an observer side. Figure 3 is a rear side view (a view viewed from a PDP panel side) of the protective plate in Fig- 
ure 2. Figures 4 and 5 are cross-sectional diagrammatical views showing the layer structures in other embodiments of 
the protective plate of the present invention. 

[0009] As the substrate 1 , a glass plate is preferred. As the protective plate, a transparent plastic material has been 
20 examined because of being capable of reducing its weight. However, the plastic material had problems that a large warp 
was resulted and the structure for fitting was very complicated because there was a temperature difference of 40-60°C 
between a front surface and the opposing surface at a PDP side whereby the quality as goods was substantially 
reduced. 

[0010] Glass is not more than half in thermal expansion coefficient in comparison with the plastic material, and there 
25 is no warp due to a temperature difference between the front face and the opposite face at the PDP side. The glass 
plate is not in particular limited, but it is preferred from the standpoint of safety to use a strengthened glass provided 
with a strengthened layers at its front surface which can prevent the breakage in comparison with glass without sub- 
jected to a strengthening treatment or to use a strengthened glass by quenching because broken pieces are small even 
if the breakage occurs and the edges are unlike sharp cutters. The substrate 1 may have a film for preventing reflection. 
30 [001 1] The resistance value of the protective plate of the present invention is preferably within 1 .0-3.5 Qfn, in partic- 
ular, 1.5-3.0 QJu, and further, 1.5-2.5 G/o. 

[001 2] The conductive film 2 may be a single layer transparent conductive film such as, for example, a film comprising 
zinc oxide as the main component (e.g. an aluminum-doped zinc oxide film), a film comprising indium-zinc oxide (ITO) 
as the main component, a film comprising tin oxide as the main component. 

35 [001 3] In particular, it is preferable to use a multi-layer film as the conductive film wherein an oxide layer, a metal, an 
oxide layer are alternately laminated on the substrate 1 to form in total (2n+1) layers (n is an integer of at least 1) 
because a low sheet resistance, a low reflectance, and a high visible light transmittance can be obtained. 
[0014] The oxide layer may be a layer comprising at least one metal oxide selected from the group consisting of Bi, 
Zr, Al, Ti, Sn, In and Zn as the main component. More preferably, it is a layer comprising at least one metal oxide 

40 selected from the group consisting of Ti, Sn, In and Zn as the main component. In particular, it is preferable to use a 
layer comprising ZnO as the main component because it has a low absorptance and a refraction index of about 2. Fur- 
ther, a layer comprising Ti0 2 as the main component is preferred because it has a large refraction index and it can pro- 
vide a preferred color tone with a small number of layers. 

[001 5] The oxide layer may be constituted by a plurality of thin oxide layers. For example, it may be formed by a layer 
45 comprising Sn0 2 as the main component and a layer comprising ZnO as the main component instead of the oxide layer 
comprising ZnO as the main component. 

[001 6] The metal layer is preferably a layer comprising at least one metal oxide as the main component selected from 
the group consisting of Au, Ag and Cu. In particular, a metal layer comprising Ag as the main component is preferred 
because of its having small specific resistance and absorption. 
so [001 7] The oxide layer comprising ZnO as the main component is preferably an oxide layer comprising ZnO containing 
at least one metal other than Zn. The at least one metal contained exits in a state of oxide in the oxide layer. 
[0018] ZnO containing at least one metal may be ZnO containing at least one selected from the group consisting of 
Sn, Al, Cr, Ti, Si, B, Mg and Ga. 

[001 9] The proportion of the total amount of the at least one metal is preferably within 1-10 atomic % based on the 
55 sum of the total amount of the metal and Zn because the moisture resistance of the conductive film obtained is 
increased. 

[0020] H the proportion is less than 1 atomic %. the internal stress of the ZnO film is not sufficiently reduced, and the 
degree of adhesion between the ZnO film and the Ag layer does not show substantial improvement, as the result of 
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which the moisture resistance is not improved. Further, if the proportion exceeds 10 atomic %, the moisture resistance 
is again reduced because it is considered that when the proportion of the metal contained is much, the crystallization 
of ZnO is lowered whereby the harmony with Ag is lowered. In the consideration of obtaining the ZnO film of low internal 
stress stably and with good reproducibility in addition to the crystallization of ZnO. K is preferable that the proportion of 
5 the metal is within 2-6 atomic %. 

[0021] The metal layer comprising Ag as the main component is preferably a metal layer comprising Ag containing 
Pd and/or Au because it controls the scattering of Ag as a result of improving the moisture resistance. 
[0022] The proportion of Pd and/or Au is preferably within 0.3-10 atomic % based on the sum of the total amount of 
Pd and/or Au and Ag. 

10 [0023] If the proportion is less than 0.3 atomic %, function for stabilizing Ag is lowered. If it exceeds 10 atomic %. the 
function for stabilizing is again lowered. In a range of not more than 10%, the moisture resistance is increased as an 
amount to be added is more. However, if the amount to be added is more, the film forming rate is reduced, the visible 
light transmittance is reduced and the emissibility is increased. Accordingly, it is proper that the amount to be added is 
not more than 5.0 atomic % from the above-mentioned points. Further, when the amount to be added is increased, the 

15 target cost is remarkably increased. Accordingly, the proportion should be in a range of about 0.5-2.0 atomic % in con- 
sidering generally necessary moisture resistance. 

[0024] The multi-layer film formed on the substrate 1 by laminating alternately an oxide, a metal, an oxide to form 
(2n+1) layers (n is an integer of at least 1) may be a multi-layer film such as 3 layers, 5 layers, 7 layers or 9 layers. In 
particular, it is preferable to form a multi-layer conductive film laminated by 7 layers or more. Since 7 layers or 9 layers 
20 can reduce the resistance value sufficiently and provide a near infrared ray shielding property, the before-mentioned 
near infrared ray shielding resinous film 6 can be eliminated. 

[0025] The geometrical film thickness (hereinbelow, referred to simply as the film thickness) of the oxide layer is pref- 
erably such that the oxide layer closest to the substrate and the oxide layer remotest from the substrate has 20-60 nm 
(in particular, 30-50 nm) and the oxide layer other than the above has 40-120 nm (in particular, 40-100 nm). 

25 [0026] The total film thickness of the metal layers is preferably such that when the target of the resistance value of the 
protective film to be obtained is 2.5 O/b for example, 25-40 nm (in particular, 25-35 nm), and when the target of the 
resistance value is 1 .5 Q/tj, the thickness be 35-50 nm (in particular, 35-45 nm). The total film thickness is properly dis- 
tributed to a number of metal layers. When the number of the metal layers is increased, the specific resistance of the 
metal layers is increased. Accordingly, the total film thickness tends to be increased as the result of reducing the resist- 

30 ance. 

[0027] The ground total film thickness of the oxide layers and the metal layers is such that for example, when the 
number of the metal layers is 2, it has 1 50-1 90 nm (particularly 1 60-1 80 nm); when the number of the metal layers is 3, 
it has 230-330 nm (particularly, 250-300 nm); and when the number of the metal layers is 4, it has 270-370 nm (partic- 
ularly, 310-350 nm). 

35 [0028] As a concrete example of the 7 layer conductive film, there is a multi-layer film formed by laminating from a 
substrate side an oxide layer comprising a first ZnO as the main component (the first layer), a metal layer comprising a 
first Ag as the main component (the second layer), an oxide layer comprising a second ZnO as the main component 
(the third layer), a metal layer comprising a second Ag as the main component (the fourth layer), an oxide layer com- 
prising a third ZnO as the main component (the fifth layer), a metal layer comprising a third Ag as the main component 

40 (the sixth layer), and an oxide layer comprising a fourth ZnO as the main component (the seventh layer) in this order. 
With such construction, a preferred color tone (without having a red tone) when viewed from an observer side is pro- 
vided. 

[0029] The film thickness of the oxide layers is properly adjusted so as to satisfy required optical properties from such 
ranges of 20-60 nm (preferably, 30-50 nm, more preferably, 40-50 nm) for the first oxide layer, 8-13 nm (preferably, 9-1 1 
45 nm) for the first metal layer. 60-100 nm (preferably, 70-90 nm) for the second oxide layer, 9-15 nm (preferably, 10-12.5 
nm) for the second metal layer, 40-100 nm (preferably. 70-90 nm) for the third oxide layer, 8-13 nm (preferably, 9-1 1 nm) 
for the third metal layer and 20-60 nm (preferably, 30-50 nm) for the fourth oxide layer. 

[0030] As described before, in the present invention, various kinds of resinous film can be useful. Here, a multi-layer 
conductive film having such a structure (as an example of 7 layers) comprising oxide layer (40 nm) - metal layer (10 nm) 

so - oxide layer (80 nm) - metal layer (10 nm) - oxide layer (80 nm) - metal layer (10 nm) - oxide layer (40 nm) is called a 
conductive film of "typical structure" (namely, the film thickness of each metal layer is equal and a thick oxide layer has 
a film thickness as twice as a thin oxide layer). In the present invention, when a multi-layer conductive film laminated 
into (2n+l) layers (n is an integer of at least 1) and a resinous film having a refractive index of 1.5-1.6 are used, it is 
preferable to adjust the film thickness of the oxide layer and/or the metal layer and to use a conductive film of non-typical 

55 structure without using "typical structure" whereby a desired color tone is obtainable. Particularly, when a layer made of 
material having a refractive index of about 2.0 (for example, a layer comprising ZnO as the main component) is used for 
the oxide layer, it is preferred to have a non-typical structure. 

[0031 ] For example, in a case of a 7 layer conductive film by which desired color tone and low reflection property can 
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be obtained, it is preferred that the film thicknesses of the second oxide layer (the third layer) and the third oxide layer 
(the fifth layer) are 70-200%, particularly, 80-1 50% of the film thicknesses of the first oxide layer (the first layer) and the 
fourth oxide layer (the seventh layer). Further, it is preferable that the film thickness of the second metal layer (the fourth 
layer) is 80-1 50%, particularly, 90- 1 1 0%, further, 95-1 05% of the film thickness of the first metal layer (the second layer) 

5 and the third metal layer (the sixth layer). 

[0032] More specifically, A) for the reason that a low reflection region can be broadened, it is preferable that the film 
thickness of the second metal layer (the fourth layer) is thinner than the film thickness of the first metal layer (the second 
layer) and is thinner than the film thickness of the third metal layer (the sixth layer). More concretely, it is preferable that 
the film thicknesses of the first and third metal layers are made equal, and the film thickness of the second metal layer 

10 is made 80-95%, particularly, 90-95% of the film thickness of the first and third metal layers. 

[0033] Further, B) for the reason that a low reflection portion in a reflection curve can further be flattened, it is prefer- 
able that the film thickness of the second metal layer (the fourth layer) is thicker than the film thickness of the first metal 
layer (the second layer) and is thicker than the film thickness of the third metal layer (the sixth layer). More concretely, 
it is preferable that the film thicknesses of the first and third metal layers are made equal, and the film thickness of the 

15 second metal layer is made 105-150%, particularly, 1 10-130%, further, 110-115% to the film thickness of the first and 
third metal layers (practically, it is thickened by 1-5 nm). 

[0034] Further, C) from the reason that a low reflection region can be broadened, it is preferable that the film thick- 
nesses of the second oxide layer (the third layer) and the third oxide layer (the fifth layer) are made thin with respect to 
two times of the film thickness of the first oxide layer (the first layer) and the fourth oxide layer (the seventh layer). More 
20 concretely, it is preferably 70-95%, further, 80-95% as much as the film thickness of the first and seventh oxide layers 
(practically, it is thinned by 1-10 nm). 

[0035] Further, D) from the reason that a low reflection portion in the reflection curve can be further flattened, it is 
preferable that the film thicknesses of the second oxide layer (the third layer) and the third oxide layer (the fifth layer) 
are made thicker with respect to two times of the film thickness of the first oxide layer (the first layer) and the fourth oxide 

25 layer (the seventh layer). Specifically, it is preferred to form the oxide layers to be 105-150% of the first and seventh 
oxide layers. In this case, the metal layers should be adjusted to as the above-mentioned A). 
[0036] With the non-typical structure as described above, the reflectance spectrum can be flattened and the visual 
reflectivity can be low even though the resinous film is used. The reduction of the visual reflectivity is preferably con- 
ducted by adjusting the film thickness of the oxide layer rather than the adjustment of the film thickness of the metal 

30 layer. 

[0037] In the present invention, it is preferred to form a separate layer for preventing the metal layer from being oxi- 
dized in forming the oxide layer (hereinbelow, referred to as an oxidation barrier layer) between the first metal layer and 
the second oxide layer, between the second metal layer and the third oxide layer and between the third metal layer and 
the fourth oxide layer. 

35 [0038] The oxidation barrier layer may be a metal layer, an oxide layer or a nitride layer. Specifically, a layer comprising 
at least one metal selected from the group consisting of Al, Ti, Si, Qa and Zn, or oxide or nitride of the metal. Preferably, 
Ti or ZnO containing Si and Ga is used. 

[0039] A desired film thickness of the oxidation barrier layer is 1 -7 nm. If it is thinner than 1 nm, it does not show a 
sufficient effect as a barrier layer. If it is thicker than 7 nm, the transmittance of the film is reduced. 

40 [0040] Figure 7 is a cross-sectional view of an embodiment of a conductive film formed on a substrate according to 
the present invention wherein reference numeral 1 designates a substrate, numerals 21 , 24, 27 and 30 designate oxide 
layers, numerals 22, 25 and 28 metal layers, and numerals 23, 26 and 29 oxidation barrier layers. 
[0041] In the present invention, it is preferred to use an oxide layer comprising ZnO containing therein Al or Sn and a 
metal layer comprising Ag containing Pd. 

45 [0042] The oxide layer comprising ZnO containing Al or Sn is well harmonized with the metal layer comprising Ag con- 
taining Pd. A combination of both layers improves remarkably the moisture resistance. 

[0043] In particular, Al is inexpensive and provides a high film forming rate of ZnO after having been contained. Fur- 
ther, the oxide layer comprising ZnO containing Al is more harmonized with the metal layer comprising Ag containing 
Pd. 

so [0044] The reason may be from the fact that the crystalline structure of Al is the same as that of Ag or Pd. Accordingly, 
even in a case that Al is deposited on the grain foundary or the interface of ZnO, it may be well matched at the interface 
with Ag or Pd in an atomic level. 

[0045] Although the presence of Pd stabilizes Ag, the resistance value will increase in comparison with that of pure 
Ag. On the other hand, a rising portion of the spectral reflectance curve at a long wavelength side is related to the resist- 
55 ance value. A high resistance value provides a mild rising portion, as a result of which it is advantageous in a change 
of the color tone of reflection in response to an incident angle. 

[0046] In the present invention, it is preferred to provide an oxide film or a nitride film or the like on the conductive film 
2 (the outermost layer). The outermost layer is used as a protective layer for protecting the conductive film 2 (particu- 
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larly, a conductive film containing Ag) from moisture and as a protective layer for protecting the oxide layer of the con- 
ductive film 2 (in particular, a layer comprising ZnO as the main component) from an adhesive agent (in particular, an 
alkali type adhesive agent) used when the resinous film 5 for preventing scattering and reflecting or the resinous film 6 
for shielding near infrared rays is bonded. Specifically, the layer is an oxide film or a nitride fOm of metal such as Zr, Ti, 
5 Si. B or Sn. 

[0047] In particular, a nitride film is preferably used in a case that a layer comprising ZnO as the main component is 
used as the uppermost layer on the conductive film 2. The nitride film may be a nitride film of Zr and/or Si, in particular, 
it is preferred to use a composite nitride film of Zr and Si. 

[0048] The protective layer is preferably formed with a film thickness of 5-30 nm. particularly, 5-20 nm. 
10 [0049] The conductive film 2 is formed to be in contact with the electrode 3 and is grounded. The method for forming 
the conductive film 2 is not limited, for example, a sputtering method is preferably used. 

[0050] The electrode 3 should be in electrical contact with the conductive film 2 so that the electromagnetic shielding 
effect to the conductive film 2 can be performed, and is not in particular limited. Further, the electrode having a low 
resistance is excellent in terms of an electromagnetic shielding performance. For example, the electrode coated with an 
15 Ag paste (a paste containing Ag and glass frit) or a Cu paste (a paste containing Cu and glass frit) followed by baking 
is preferably used. 

[0051] The electrode 3 is preferably arranged in the entire periphery of the substrate, as shown in Figure 3. in order 
to assure the electromagnetic shielding effect of the conductive film 2. As shown in Figures 1 and 2, a colored ceramic 
layer 4 is preferably formed between the electrode 3 and the substrate so that the electrode 3 is shielded to prevent the 

20 electrode from being directly viewed from an observer side. The colored ceramic layer 4 may be formed at an observer 
side with respect to the substrate 1 but not at a PDP side to the substrate 1 . In this case, a copper tape with a conductive 
sticking agent may be attached, as an electrode, after the conductive film 2 is directly formed on the substrate 1 . 
[0052] It is preferred to provide a resinous film at a front side (a viewer side) of the substrate 1 and/or,a rear side (a 
PDP side) of the substrate 1 to prevent the scattering of the protective plate itself. In particular, use of an urethane type 

25 film having a self-repairing property which repairs itself when a flaw is formed on it and a scattering preventing property 
provides a preferable result. 

[0053] Further, it is preferred to provide a resinous film of low refractive index for preventing reflection at a front side 
(a viewer side) of the substrate 1 and/or a rear side (a PDP side) of the substrate 1 . In particular, use of a fluorine resin 
type film provides a preferable result. The resinous film of low refractive index may be a colored film for adjusting the 
30 color tone. 

[0054] The visible light reflectivity of the protective plate of the present invention is preferably less than 6%, particu- 
larly, less than 3%. If the visible light reflectivity is not less than 3% and less than 6%, the color tone of reflection light 
is preferably within 0.15<x<0.40, 0.15<y<0.40 (particularly, 0.25<x<0.35 and 0.20<y<0.35) in terms of a color tone 
expressing method by CIE. If the visible light reflectivity is less than 3%, the color tone of reflection light is preferably 
35 within 0.10<x<0.50, 0.10<y<0.50 (particularly, 0.20<x<0.40 and 0.10<y<0.40). Here, a symbol x represents a propor- 
tion of red color component and a symbol y represents a proportion of green color component. 
[0055] From the viewpoint of preventing the scattering of the protective plate itself and for preventing reflection, it is 
preferable to use ARCTOP (tradename) manufactured by Asahi Glass Company Ltd. 

[0056] ARCTOP (tradename) comprises a polyurethane type flexible resinous film having a self-repairing property 
40 and a scattering preventing property and an anti-reflection layer of low refractive index which is made of a fluorine-con- 
taining polymer having a non-crystallization property which is formed on a side of the resinous film, as an anti-reflection 
treatment. As the resinous film 5 for preventing scattering and reflection shown in Figures 1, 4 and 5, the ARCTOP 
(tradename) can preferably be used. 

[0057] From the reason that the reflectivity of the protective plate obtained can be lowered and a desired color of 
45 reflection light can be obtained, it is preferable that the anti-reflection layer itself exhibits the lowest reflectivity in a wave- 
length of 500-600 nm, particularly, 530-590 nm in a visible light region. 

[0058] The resinous film 6 for shielding near infrared rays (for example, a resinous film mixed with a near infrared ray 
absorbing agent) may be provided on a front surface (a viewer side) of the substrate 1 and/or a rear surface (a PDP 
side) of the substrate. Or, when the resinous film 5 for preventing scattering and reflection (particularly, the above-men- 
50 tioned ARCTOP) is used in the present invention, a infrared ray absorbing agent may be mixed in a polyurethane type 
flexible resinous film so that the resinous film 5 for preventing scattering and reflection has a near infrared ray shielding 
effect. Although the protective film of the present invention can shield near infrared rays by means of the conductive film 
2, the presence of such resinous film can further improve the shielding effect. 

[0059] In Figure 1 , the reason why the conductive film 2, the resinous film 6 and the resinous film 5 are provided 
55 excluding their both ends is to form a terminal for grounding the electrode 3 in this portion. It is preferred that a number 
of ground terminals are provided in the entire periphery of the protective plate so that the ground resistance is reduced 
and a high electromagnetic shielding effect can be maintained. Accordingly, the electrode 3 is preferably exposed over 
the entire periphery in the edge portions of the protective plate (i.e., it is not covered with the conductive film 2) as 
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shown in Figures 1 and 3. Figure 3 does not show the resinous film 5 and the resinous film 6. However, it is preferred 
that they coyer the conductive film 2 entirely to protect the conductive film 2 and leave the exposed portion of the elec- 
trode 3 over the entire periphery. Namely, the edge portions of the resinous film 5 and the resinous film 6 are preferably 
at a side near the edge portions of the substrate 1 rather than the edge portions of the conductive film 2 and a side near 

5 the center of the substrate 1 rather than the edge portions of the electrode 3 in their entire periphery. 

[0060] Further, as shown in Figure 4, a separate substrate 7 can be laminated on a rear surface (a PDP side) of the 
substrate 1 by interposing a resinous film (interlayer) 8. For example, it is possible to laminate with another glass sub- 
strate by interposing a resinous interlayer 8 such as potyvinylbutyral or EVA by using a method for forming a lamination 
glass. Such lamination glass can provide an anti-scattering effect by means of the interlayer 8. Or, it is possible to lam- 

10 inate by bonding the substrate 1 and the substrate 7 with an adhesive having excellent transparency. 

[0061] In the example shown in Figure 4, an anti-reflection treatment is applied to an outer surface of the separate 
substrate 7 (in Figures 4 or 5, the treatment is indicated by a comb-like mark on the substrate 7). The anti-reflection 
treatment may be by a method for forming a film of low refractive index such as a porous silica film (a silica film is made 
porous to reduce the refractive index). Further, in the example of Figure 4, the above-mentioned ARCTOP (tradename) 

15 as the resinous film 5 for preventing scattering and reflection is bonded to an outer surface of the substrate 1 (bonding 
is conducted with the anti-reflection film of ARCTOP directing outside (to be exposed)). In this case, the presence of the 
interlayer 8 prevents the scattering. Accordingly, an anti-reflection treatment may be conducted directly onto an outer 
surface of the substrate 1 by means of a method for forming a film of low refractive index, instead of using the film 5. 
[0062] An outer surface of the separate substrate 7 may be subjected to an anti-reflection treatment, besides using 

20 the method of forming a film of low refractive index such as the above-mentioned porous silica film, by bonding the res- 
inous film 5 for preventing scattering and reflection so that the anti-reflection film is directed outside (exposed). 
[0063] Further, as shown in Figure 5, a conductive film 9 which is the same as the above-mentioned conductive film 
2 and an electrode 10 are formed on the separate substrate 7 to increase further the electromagnetic wave shielding 
property and the near infrared ray shielding property (although a colored ceramic layer 1 1 is formed in Figure 5, it may 

25 not be provided unless the electrode 10 can be viewed from an observer side by the presence of the colored ceramic 
layer 4). In this case, the attachment of the ground terminals can be conducted such that a conductive tape (not shown) 
is provided extending from the substrate over the entire periphery from a portion where the electrode 3 and the elec- 
trode 10 are not covered with the conductive film (i.e., they are exposed), and then, lamination glass processing is con- 
ducted. 

30 [0064] In the example of Figure 5, the anti-reflection treatment is conducted in the same manner as in Figure 4, in the 
rear surface (a PDP side) of the separate substrate 7. However, it is possible that the resinous film for preventing scat- 
tering and reflection which is described before, is provided so that the anti-reflection layer faces outside (to be exposed). 
Further, in the example of Figure 5, the above-mentioned ARCTOP (tradename) as the resinous film for preventing 
scattering and reflection, is bonded to the outer surface of the substrate 1 in the same manner as in Figure 4. However, 

35 the anti-reflection treatment may be conducted directly to the outer surface of the substrate 1 by means of the method 
for forming a film of low refractive index. Further, a film for shielding near infrared rays may be provided on the protective 
plate as shown in Figures 4 and 5. 

[0065] Figures 1 . 4 and 5 are cross-sectional diagrammatical views for showing the layer structure according to 
embodiments of the protective plate of the present invention. In fact, the protective plate of the present invention is 

40 formed by unifying these layers wherein the resinous film 5 and the resinous film 6 are bonded to the substrate 1 
(including a case of the substrate having its surface on which the conductive film 2 or the electrode 3 are formed). The 
adhesive may be an acryl type or acryl modified type self-adhesive. In particular, an acryl type self-adhesive is prefer- 
ably used because excellent moisture resistance is obtainable. Further, as described before, the substrate 1 and the 
substrate 7 (each including a case of the substrate having its surface on which the conductive film or the electrode is 

45 formed) in Figures 4 and 5 are press-bonded by interposing the interlayer 8 to be unified as the lamination glass. 
[0066] The protective plate of the present invention is disposed on a front face of PDP. Accordingly, the visible light 
transmittance is preferably not less than 50% to assure the transparency of the display. 

[0067] In the following, description will be made as to another embodiment of the protective plate for PDP according 
to the present invention. As described before, it is necessary that the protective plate for PDP satisfies the property of 
so shielding electromagnetic waves emitted from PDP (accordingly, it should have a high conductivity and low sheet resist- 
ance), the property of shielding near infrared rays emitted from PDP and the properties of a high transmittance and anti- 
reflection and so on. 

[0068] Several ways can be taken to provide the electromagnetic wave shielding property such as a method for form- 
ing a conductive layer directly on the substrate by using a sputtering or the like, a method for bonding on the substrate 
55 a conductive film obtained by forming a conductive film on a resinous film, and a method for embedding in the substrate 
a conductive film comprising a conductive mesh. 

[0069] Several ways can be taken to provide the infrared ray shielding property such as a method for providing a near 
infrared ray shielding resinous film, a method for using a near infrared ray absorbing substrate, a method for using a 
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self-adhesive added with a near infrared ray absorber at the time of the laminating of the films, a method for adding a 
near infrared ray absorber into an anti-reflection film or the like to provide a near infrared ray absorbing function, or a 
method for using a conductive film having a near infrared ray reflecting function. 

[0070] Several ways can be taken to provide the anti-reflection property such as a method for bonding an anti-ref lec- 
5 tion film having an anti-reflection layer on the resinous film or a method for forming an anti-reflection layer directly on 
the substrate. 

[0071] Figure 8 is a cross-sectional diagrammatical view of an embodiment of the protective plate for PDP of the 
present invention in which film materials having each of the properties are laminated to satisfy these properties. 
[0072] Reference numeral 31 designates a substrate for protecting PDP, which made of glass, (including a cooled air 
10 strengthened glass or a chemically strengthened glass) or plastics (polymethylmethacrylate, polycarbonate, polysty- 
rene or the like) in the same manner as the substrate 1 in Figures 1 to 5. 

[0073] Numeral 32 designates a conductive layer having an electromagnetic wave shielding property, which is the 
same as the conductive film 2 in Figures 1 to 5. It may be formed directly on the substrate 31 by a sputtering method or 
the like, may be bonded on the substrate 31 a conductive film on which a conductive film is formed on a resinous film 
15 such as PET (polyethylene terephthalate) or the like. 

[0074] Numeral 33 designates a moisture-resistant film to prevent the deterioration of the conductive film due to mois- 
ture. Material for it may be PET, polyvinylidene chloride or the like. 

[0075] The moisture-resistant film 33 is provided when a moisture-resistant treatment is necessary for the conductive 
layer 32 (for example, the conductive film is a multi-layer film including Ag). However, such moisture-resistant film 33 is 
20 unnecessary in a case that the conductive layer 32 comprises a conductive film formed on a PET film and such con- 
ductive film is bonded between the substrate 31 and the PET film. 

[0076] Numeral 34 designates a near infrared ray shielding resinous film which is the same as the infrared ray shield- 
ing resinous film 5 in Figures 1 to 5. This film may be a resinous film of PET or the like on which a coating including a 
near infrared ray absorber is applied or a resinous film of PET or the like with which a near infrared ray absorber is 
25 mixed. 

[0077] Numeral 35 designates an anti-reflection film which is the same as the resinous film 5 for preventing scattering 
and reflection in Figures 1 to 5, and which is obtainable by forming an anti-reflection layer on a resinous film made of 
urethane, PET or the like (which possesses an anti-scattering function) so as to conduct an anti-reflection treatment. 
The anti-reflection layer may be a layer of low refractive index comprising a fluorine-containing polymer of non-crystal- 
30 lization (eg., "Cytop" manufactured by Asahi Glass Company Ltd.), a layer formed of a film of low refractive index such 
as Si0 2 or MgF 2 , or a multi-layer comprising alternate lamination of a film of low refractive index and a film of high 
refractive index by vapor deposition or sputtering, a porous silica film or the like. 

[0078] The anti-reflection layer is formed on a resinous film at the opposite side with respect to the substrate 31 (i.e., 
so as to expose the anti-reflection layer). As described above, ARCTOP by Asahi Glass Company Ltd. is preferably 
35 used as such anti-reflection film 35. 

[0079] Numeral 36 designates an anti-reflection film (which is the same as the anti-reflection film 35) or a layer sub- 
jected to an anti-reflection treatment (an anti-reflection layer formed directly on the substrate 31 (the anti-reflection layer 
is the same as the anti-reflection layer in the anti-reflection film 35)). 

[0080] Figure 9 is a cross-sectional diagrammatical view of another embodiment of the protective plate for a plasma 
40 display according to the present invention. In this embodiment, the infrared ray shielding resinous film 34 and the anti- 
reflection film 35 in Figure 8 are replaced by a near infrared ray shielding, anti-reflection film 37. Such infrared ray 
shielding anti-reflection film 37 may be such one that a near infrared ray absorber is mixed into a resinous film in the 
anti-reflection film 35. 

[0081] Figure 10 is a cross-sectional diagrammatical view showing another embodiment of the protective plate for 
45 PDP of the present invention, in this embodiment, the near infrared ray shielding function of the near infrared ray shield- 
ing resinous film 34 in Figure 8 is accomplished by a conductive layer 32a having a near infrared ray reflecting function. 
[0082] As the conductive layer 32a having the near infrared ray reflecting function, there is a conductive layer formed 
by laminating alternately an oxide, a metal, an oxide into (2n+1) layers (in particular, a conductive layer having n of at 
least 3) as described as to the conductive film 2 in Figures 1 to 5. 
so [0083] Figure 1 1 is a cross-sectional diagrammatical view of another embodiment of the protective plate for PDP of 
the present invention. In this embodiment, a conductive layer 32b having a moisture-resistant property is provided as 
the conductive layer 32 whereby the moisture-resistant film 33 in Figure 8 can be eliminated. As the conductive layer 
32b having a moisture-resistant property, there is 1 ) a conductive layer formed by bonding an electrically conductive film 
comprising a resinous film such as PET or the like having a moisture-resistant property on which a conductive film is 
55 formed so that the conductive film is located between the substrate 31 and the resinous film, or 2) a conductive film hav- 
ing a moisture-resistant property even when the conductive film is formed directly on the substrate 31 by means of a 
sputtering method or the like (for example, as described as to the conductive film 2 in Figures 1 to 5, metal such as Sn, 
Al, Cr, Ti, Si, B, Mg, Ga and so on is contained in ZnO, or Pd or Au is contained in Ag, or an oxide film or a nitride film 
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comprising Zr, Ti, Si, B and so on is formed on the uppermost layer to improve the moisture-resistant property of the 
conductive film). 

[0084] When the conductive layer 32 is not the conductive layer 32b having a moisture-resistant property and if the 
near infrared ray shielding resinous film 34 is of PET containing a near infrared ray absorber, the moisture-resistant film 
5 33 in Figure 8 becomes unnecessary because PET has a moisture-resistant property (PET including a near infrared 
ray absorber functions as the moisture-resistant film 33). 

[0085] Figure 12 is a cross-sectional diagrammatical view of another embodiment of the protective plate for PDP of 
the present invention. In this embodiment, the moisture-resistant film 33 in Figure 10 becomes unnecessary. The elim- 
ination of the moisture-resistant film becomes possible in a case that 1 ) the conductive layer 32a having a near infrared 

10 ray reflecting function in Figure 10 has a moisture-resistant property (namely, it functions as the conductive layer 32a 
having a near infrared ray reflecting function and the conductive layer 32b having a moisture-resistant property), or 2) 
the anti-reflection film 35 comprises PET on which an anti-reflection layer is formed even though the conductive layer 
32a having a near infrared ray reflecting function does not have a moisture-resistant property. 
[0086] Figure 13 is a cross-sectional diagrammatical view of another embodiment of the protective plate for PDP of 

75 the present invention. In this embodiment, the moisture-resistant film 33 in Figure 9 becomes unnecessary. The elimi- 
nation of the moisture-resistant film becomes possible in a case that 1) the conductive layer 32 in Figure 9 is the con- 
ductive layer 32b having the above-mentioned moisture-resistant property, or 2) the near infrared ray shielding anti- 
reflection film 37 comprises PET mixed with a near infrared ray absorber on which an anti-reflection layer is formed even 
though the conductive layer 32 does not have a moisture-resistant property. 

20 [0087] Figure 1 4 a cross-sectional diagrammatical view of another embodiment of the protective plate for PDP of the 
present invention. In this example, the near infrared ray shielding function of the near infrared ray shielding resinous film 
34 in Figure 8 is accomplished by a near infrared ray absorbing substrate 38 instead. As the near infrared ray absorbing 
substrate 38, there is such one that a near infrared ray absorber is added to polycarbonate or acryl. 
[0088] Figure 15 is a cross-sectional diagrammatical view of another embodiment of the protective plate for PDP of 

25 the present invention. In this embodiment, the moisture-resistant film 33 in Figure 14 is eliminated. The elimination 
becomes possible in a case that the conductive layer 32 in Figure 14 is the conductive layer 32b having the above-men- 
tioned moisture-resistant property, or the anti-reflection film 35 comprises PET on which an anti-reflection layer is 
formed even though the conductive layer 32 does not have a moisture-resistant property. 

[0089] Figure 16 is a cross-sectional diagrammatical view of another embodiment of the protective plate for PDP of 
30 the present invention. In this embodiment, the near infrared ray shielding function of the near infrared ray shielding res- 
inous film 34 in Figure 1 1 is accomplished by a self-adhesive 39 added with a near infrared ray absorber instead. Figure 
16 shows an embodiment in which the self-adhesive 39 added with a near infrared ray absorber is used to bond the 
conductive layer 32 and the substrate 31 . However, it is possible for self-adhesive or a bonding agent used at the time 
of laminating films to have a near infrared ray absorbing function besides the example of Figure 16 (the films can be 
35 laminated by heat bonding without using a self-adhesive or a bonding agent). 

[0090] Figure 17 is a cross-sectional diagrammatical view of another embodiment of the protective plate for PDP of 
the present invention showing that the conductive layer 32 is embedded in the substrate. 

[0091] Figure 18 is a cross-sectional diagrammatical view showing a process for manufacturing the protective plate 
in Figure 17. The protective plate in Figure 17 can be produced by a method that (a) introducing a near infrared ray 
40 absorbing acrylic resin 40 between the conductive layer 32 adjacent to the substrate 31 and another plate (such as 
glass) 41 , (b) removing the other plate 41 after the acrylic resin is solidified to form a near infrared ray absorbing sub- 
strate 38, and (c) forming the anti-reflection film 35 at outer sides. 

[0092] As the conductive layer 32. there is a conductive mesh 32c (for example, a polyester mesh in which Cu is 
formed by sputtering) other than the above-mentioned conductive layer 32. The mesh intervals of the conductive mesh 
45 32c is preferably 300 jim or less so that an electromagnetic wave shielding property can be maintained. Further, the 
conductive mesh 32c is preferable not to hinder a displaying function of PDP. 

[0093] In all protective plates for PDP of the present invention shown in Figures 8 to 17, the electrode 3 (which is not 
shown in Figures 8 to 17) is formed in a peripheral portion so as to accomplish the electromagnetic wave shielding 
effect of the conductive layer 32 (for grounding) in the same manner as those in Figures 1 to 5. 
so [0094] As the electrode 3, there are such one formed by baking a conductive paste, a conductive tape, a conductive 
paint or the like as described above. Further, the colored ceramic layer 4 for shielding the electrode so as not to be 
viewed from an observer side can properly be provided. 

[0095] When the substrate 31 is of glass, it allows the baking of the conductive paste. In particular, a cooled air 
strengthened glass is advantageous in manufacturing because the conductive paste (and the colored ceramic layer) 
55 can be baked at the same time of the strengthening process. When the substrate 31 is not of glass, such heating treat- 
ment can not be conducted. Accordingly, it is preferable to form the electrode by using the conductive tape, the conduc- 
tive coating or the like. 

[0096] In Figures 8 to 17, a position of observer can be determined at either an upper side or a lower side in each of 
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the Figures. However, the position of observes is preferably determined to the lower side (which is the same as in Figure 
1) in each Figures from the viewpoint of easily obtaining the grounding of the conductive layer 32. 
[0097] When the substrate 31 is of glass (or when there is a possibility that the substrate 38 is scattered) in the pro- 
tective plates for PDP of the present invention shown in Figures 8 to 17, it is preferable that at least one of the moisture- 
5 resistant film 33, the near infrared ray shielding resinous film 34 and the anti-reflection film 35 has an anti-scattering 
function. Such film having an anti -scattering function may be urethane or PET. 

[0098] In a case that the substrate 31 is made of plastics (resin) in the protective plates for PDP of the present inven- 
tion shown in Figures 8 to 17, a warp may take place due to a temperature difference between a front surface at a PDP 
side and the opposite side. However, such warp can be suppressed by ventilation (air flow). 
10 [0099] In the protective plates for PDP of the present invention shown in Figures 8 to 1 7, the moisture-resistant film 
33, the near infrared ray shielding resinous film 34 and the anti-reflection film 35 may be of colored films to adjust the 
color tone. 

[0100] For example, when the conductive film of the conductive layer 32 is a film containing Ag, the conductive film 
may be seen to be colored depending on film-designing of film thickness and so on. In this case, an anti-reflection film 
75 or the like is used as a film of complementary color whereby the overall color tone can be neutralized. Further, depend- 
ing on a near infrared ray absorber, the near infrared ray shielding resinous film 34 or the near infrared ray absorbing 
substrate 38 or the like is seen to be colored. In this case too, the same effect is obtainable by using another film as a 
complementary color film. Since urethane is easily colored in comparison with PET, it is preferred to use it as a colored 
film. 

20 [0101] For example, when the conductive layer 32a having a near infrared ray reflecting function is a conductive film 
formed by laminating alternately an oxide. Ag, an oxide into 7 layers or more in Figure 10, such conductive film tends 
to be colored. 

[0102] In Figure 10, the anti-reflection film 35 and the anti -reflection film 36 are used. In this case, it is preferable that 
the anti-reflection film 35 or the anti-reflection film 36 is so made that an anti-reflection layer is formed on a urethane 
25 film of complementary color to the color of the conductive film (in particular, the urethane film of ARCTOP manufactured 
by Asahi Glass Company Ltd., is used for complementary color). 

[01 03] Further, in Figure 1 2, when the conductive layer 32a having a near infrared ray reflecting function is a colored 
conductive film formed by laminating alternately an oxide, Ag, an oxide into 7 layers, and the anti-reflection film 35 func- 
tions as a moisture-resistant film and comprises PET on which an anti-reflection layer is formed, it is preferable that the 
30 anti-reflection film 36 comprises an urethane film of complementary color to the color of the conductive layer, on which 
an anti-reflection layer is formed (in particular, an urethane film of ARCTOP by Asahi Glass Company Ltd. is used for 
complementary color). 

[0104] Further, in Figure 15, when the near infrared ray absorbing substrate 38 or the like is colored by adding a near 
infrared ray absorber, and when the conductive layer 32 comprising the electric conductive film produced by forming the 
35 conductive film on PET which is bonded so that the conductive film is positioned between the infrared ray absorbing 
substrate 38 and the resinous film is used, it is preferable that the anti-reflection film 35 or the anti-reflection film 36 is 
so formed that an anti-reflection layer is formed on an urethane film of complementary color to the color of the conduc- 
tive layer (in particular, an urethane film of ARCTOP by Asahi Glass Company Ltd. is used for complementary color), 
instead of coloring such PET. 

40 

(EXAMPLE) 
(EXAMPLE 1) 

45 [01 05] The example will be described with reference to Figure 1 . A glass plate (substrate 1 ) was cut to have a neces- 
sary size followed by chamfering, washing, screen-printing with ink for the colored ceramic layer 4 on the entire periph- 
ery of the glass plate as shown in Figure 3, and drying sufficiently. Then, a silver paste for the electrode 3 was screen- 
printed on the entire periphery of the glass plate as shown in Figure 3, and the silver paste was dried. Then, the glass 
was heated to 660°C, and then, cooled air strengthening was conducted for the purposes of the baking of the ink and 

so the paste and the strengthening of the glass. 

[01 06] On the surface of the thus prepared glass plate on which the electrode 3 was formed, a transparent conductive 
film (the conductive film 2) was formed by the method described below (the first step). 

[0107] Namely, the above-mentioned glass plate was set in a sputtering apparatus, and air is discharged to an order 
of 10' 6 Torr. Then, a multi-conductive film of glass/3AJ-ZnO (40 nm)/2.5Pd-Ag (15 nm)/3AI-ZnO (80 nm)/2.5Pd-Ag (15 
55 nm)/3AI-ZnO (40 nm) was formed. The film-forming condition for each film is described in Table 1 . 

[0108] 3AI-ZnO means ZnO containing Al of 3 atomic % based on the sum of Al and Zn, and 2.5Pd-Ag means Ag 
containing Pd of 2.5 atomic % based on the sum of Pd and Ag. The same applies others. 

[0109] A result of the measurement of the sheet resistance and the visible light transmittance of the multi-layer con- 



10 



EP 0 949 648 A1 



ductive film is shown in Table 3. 

[01 1 0] Then, the film 5 (ARCTOP by Asahi Glass Company Ltd.) was prepared by providing an anti-reflection layer of 
low refractive index made of a fluorine-containing polymer of non-crystallization on a side surface of a polyurethane 
type flexible resinous film (200 jim thick). An acryl type adhesive tape (the thickness of an adhesive: about 20 fim) with 
5 a parting film was laminated on the surface of the film 1 5, on which the anti-reflection layer is not formed (hereinbelow, 
referred to as a specified fluorine film with an anti-reflection layer). 

[011 1 ] The parting film was peeled off and the near infrared ray shielding resinous film 6 (a film comprising a polyester 
film of 50 \xm thick on which a near infrared ray absorbing layer formed by mixing 5% of near infrared ray absorber 
(SIR159 by Mitsui Toatsu Kagaku K.K.) in an acrylic resin) was laminated by interposing the acryl type adhesive tape. 
10 Then, the same acryl type adhesive tape with a parting film (the thickness of an adhesive: about 20 fim) was laminated 
on the near infrared ray shielding resinous film 6. The parting film was peeled off, and the tape was bonded to a surface 
of the glass with the conductive film by means of a roller of silicone rubber having a rubber hardness of 70 (the second 
step). 

[0112] The same ARCTOP (the resinous film 5 for preventing scattering and reflection) was bonded to the opposite 
is surface of the glass by interposing the same acryl type adhesive tape so that the anti-reflection layer faced outside 
whereby the protective plate of the present invention was prepared (the third step). As a result, both the outermost sur- 
faces of the protective plate constituted the anti-reflection layers of ARCTOP. 

[0113] The thus prepared protective plate underwent the measurement of the sheet resistance and the visible light 
transmittance. Further, destruction tests (according to J IS R321 1) were conducted. A result is shown in Table 3. In Table 
20 3, a mark O indicates protective plates without the scattering of glass pieces and having very high safety in the result 
of the destruction tests. 

[01 1 4] Further, the electromagnetic wave shielding property was good as shown in Figure 6. Further, the near infrared 
ray transmittance was less than 5% in 800-850 nm and less than 10% in 850-1 100 nm, each showing sufficient shield- 
ing property. 

25 

(EXAMPLE 2) 

[01 1 5] Two glass plates were cut to be a necessary size, and chamfering operations were conducted to the edge sur- 
faces. To one (substrate 7) of them, a cutout was formed to obtain a position where a terminal for grounding the elec- 
30 trode was formed. To the other glass plate (substrate 1), washing, screen-printing of ink for the colored ceramic layer 
on the entire periphery of the glass plate as shown in Figure 3 and sufficiently drying were conducted in the same man- 
ner as in Example 1 . Thereafter, a silver paste for the electrode was screen-printed on the entire periphery of the glass 
plate as shown in Figure 3, and the glass plate was dried. 

[0116] Then, the glass was heated to 600°C to bake the ink and the paste. Then, it was annealed to the room tem- 
35 perature. The same transparent conductive film (conductive film) as Example 1 was formed by sputtering on the surface 
of the glass plate thus formed on which the electrode was formed. Then, the glass plate (substrate 1) was overlaid onto 
the originally prepared glass plate (substrate 7) by interposing a polyvinylbutyral film (interlayer film) followed by vac- 
uum press bonding and heat press bonding for a lamination processing. 

[0117] Then, the parting film of the specified fluorine type film with an anti-reflection layer was peeled off, and it was 
40 bonded to both outer surfaces of the lamination glass with the transparent conductive film thus prepared, by means of 
a roller of silicone rubber having a rubber hardness of 70. 

[01 1 8] The same evaluation as Example 1 was conducted to the protective plate thus prepared. The electromagnetic 
wave shielding property was good in the same manner as Example 1 . Further, the near infrared ray shielding property 
was sufficient although it was slightly inferior to that of Example 1 . 

45 

(EXAMPLE 3) 

[01 1 9] Two glass plates were cut off to be a necessary size, and chamfering operations were conducted to the edge 
surfaces. To one (substrate 1) of them, washing, was conducted and screen-printing of ink for the colored ceramic layer 

so was conducted on the entire periphery of the glass plate as shown in Figure 3, and drying sufficiently in the same man- 
ner as Example 1. Then, a silver paste for the electrode was screen-printed on the entire periphery of the glass plate 
as shown in Figure 3, followed by drying. To the other glass plate (substrate 7), the silver paste for the electrode was 
screen-printed on the entire periphery of the glass plate and the glass plate was dried in the same manner as substrate 
1. No colored ceramic layer was formed. 

55 [01 20] Both the glass plates (substrate 1 and substrate 7) were heated to a glass temperature of 600°C to bake the 
ink and the paste, and they were annealed to the room temperature. The same transparent conductive film (conductive 
film) as that of Example 1 was formed by sputtering on a surface of each of glass plates thus prepared, where the elec- 
trode was formed. Then, these glass plates (substrate 1 and substrate 7) were overlaid with the conductive films facing 
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inside by interposing a polyvinylbutyral film (interlayer film), followed by vacuum press bonding and heat press bonding 
for lamination. 

[0121] Then, the parting film of the specified fluorine type film with an anti-reflection layer was peeled off, and it was 
bonded to both outer surfaces of the lamination glass with the transparent conductive film thus prepared, by means of 
s a roller of silicone rubber having a rubber hardness of 70. 

[01 22] The same evaluation as Example 1 was conducted to the protective plate thus prepared. The electromagnetic 
wave shielding property was extremely higher than that of Example 1. The near infrared ray shielding property was 
superior to that of Example 2. 

w (EXAMPLE 4) 

[0123] A glass plate with a transparent conductive film was prepared in the same manner as Example 1 except that 
the transparent conductive film shown in Table 2 was formed. The film-forming condition of each film was as in Table 1 . 
[0124] In Table 1, 5AI-ZnO means ZnO containing 5 atomic % of Al based on the sum of Al and Zn, and ZrSi x N y 
15 means a composite nitride (Zr:Si=1 :2) of Zr and Si. In Table 2, "G n means a glass plate, and figures described in brack- 
ets indicate a geometrical film thickness (nm). 

[0125] A result of the measurement of the sheet resistance and the visible light transmittance of the multi-layer con- 
ductive film is shown in Table 3. 

[0126] A protective plate of the present invention was prepared in the same manner as Example 1 except that the 
20 near infrared ray shielding resinous film 6 was not used. Table 3 shows a result of evaluation on the obtained protective 
plate, in the same manner as Example 1 . It showed an excellent near infrared ray shielding property although it had no 
near infrared ray shielding resinous film 6. Further, the visible light reflectivity was lower than that of Example 1 having 
two layers of Ag. 

25 

Table 1 



Film 


Target 


Introduced gas (flow 
ratio) 


Pressure (mTorr) 


Input power (W/cm 2 ) 


5AI-ZnO 


5AI-Zn 


0 2 (100%) 


2 


3.6 


3AI-ZnO 


3AI-Zn 


O 2 (100%) 


2 


3.6 


Sn0 2 


Sn 


0 2 (100%) 


2 


3.6 


1Pd-Ag 


1Pd-Ag 


Ar(100%) 


2 


0.8 


2.5Pd-Ag 


2.5Pd-Ag 


Ar(100%) 


2 


0.8 


Ti 


Ti 


Ar(100%) 


2 


1.5 


ZrSi x N y 


ZrSi (1:2) 


Ar/N 2 (=1/3) 


2 


5.5 


GZSO 


GZSO 


Ar 


2 


3.6 



(EXAMPLE 5) 

45 [0127] A glass plate with a transparent conductive film was prepared in the same manner as Example 1 except that 
the transparent conductive film shown in Table 2 was formed. The film-forming condition of each film is as in Table 1 . 
[0128] In Table 1 , GZSO is such one containing 5.4% by weight of Ga 2 0 3< 0. 1% by weight of Si0 2 and 94% by weight 
of ZnO based on the sum of Ga 2 0 3 , Si0 2 and ZnO, which was used as an oxide barrier layer. 
[0129] A result of the measurement of the sheet resistance and the visible light transmittance of the multi-layer con- 

50 ductive film is shown in Table 3. 

[0130] In the next, the protective plate of the present invention was prepared in the same manner as Example 1 except 
that the near infrared ray shielding resinous film 6 was not used. A result obtained by conducting the same evaluation 
as Example 1 is shown in Table 3. It showed superior near infrared ray shielding property although it did not have the 
near infrared ray shielding resinous film 6. 

55 

(EXAMPLE 6) 

[01 31 ] A glass plate with a transparent conductive film was prepared in the same manner as Example 1 . 
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[0132] Then, the parting film of the specified fluorine type film with an anti-reflection layer was peeled off, and a mois- 
ture-resistant film 33 (a film obtained by coating polyvinylidene chloride on a polyester film of 12 jim thick (tradename: 
"Cenessy" manufactured by Daicel Chemical K.K.) was bonded by interposing an acryl type adhesive tape. Then, the 
same acryl type adhesive tape with a parting film (the thickness of an adhesive: about 20 nm) was laminated on the 
5 moisture-resistant film 33. The parting film was peeled off, and it was bonded to a coating surface of the glass with the 
conductive film by means of a roller of silicone rubber having a rubber hardness of 70. 

[0133] In a similar manner, bonding operations were conducted such that ARCTOP (visible light transmrttance: 83%) 
colored to reddish purple which was formed by adding a coloring agent into an urethane resin for the purpose of cor- 
recting the color of the conductive film, was attached to the opposite surface of the glass by interposing the same acryl 
10 type adhesive tape with a parting film as described above so that the anti-reflection layer faces outside, whereby the 
protective plate of the present invention as shown in Figure 10 was prepared (both the outermost surfaces of the pro- 
tective plate constitute anti-reflection layers of ARCTOP). 

[01 34] In the protective plate prepared, a color resulted from silver sputtering disappeared by using the colored ARC- 
TOP whereby a color closer to the color of the device could be reproduced. Accelerated deterioration tests were con- 
15 ducted on the durability at 60°C in an atmosphere of 90%. Conventionally, there was found the deterioration of silver 
due to oxidation after about 100 hours. However, in this example having such construction, there was found no change 
in appearance even after 500 hours. 

[01 35] A result obtained by conducting the same evaluation as in Example 1 on the obtained protective plate is shown 
in Table 3. The electromagnetic wave shielding property was good as shown in Figure 6. Further, the near infrared ray 
20 transmrttance was less than 5% in 800-850 nm and less than 10% in 850-1 100 nm, which showed sufficient shielding 
property respectively. 

(EXAMPLE 7) 

25 [01 36] A glass plate with a transparent conductive film was prepared in the same manner as Example 1 except that 
the transparent conductive film shown in Table 2 was formed. The film-forming condition of each film is as in Table 1 . 
[01 37] A result by the measurement of the sheet resistance and the visible light transmittance of the multi-layer con- 
ductive film is shown in Table 3. 

[0138] A protective plate of the present invention was prepared in the same manner as Example 1 . A result of evalu- 
30 ation on the obtained conductive plate in the same manner as Example 1 is shown in Table 3. The electromagnetic 
wave shielding property was good as shown in Table 6. The near infrared ray transmittance was less than 5% in 800- 
850 nm, and less than 10% in 850-1 100 nm, which showed sufficient shielding property respectively. 

(EXAMPLE 8) 

35 

[0139] A glass plate with a transparent conductive film was prepared in the same manner as Example 7 except that 
the transparent conductive film shown in Table 2 was formed. The film-forming condition of each film is as in Table 1 . 
[0140] A result of the measurement of the sheet resistance and the visible light transmittance of the multi-layer con- 
ductive film is shown in Table 3. 
40 [0141 ] A protective plate of the present invention was prepared in the same manner as Example 7 except that the 
near infrared ray shielding resinous film 6 was not used. A result of the evaluation on the obtained protective plate in 
the same manner as Example 1 is shown in Table 3. It showed excellent near infrared ray shielding performance even 
though it did not have the near infrared ray resinous film 6. 

45 (EXAMPLE 9) 

[0142] A glass plate with a transparent conductive film was prepared in the same manner as Example 7 except that 
the transparent conductive film shown in Table 2 was formed. The film-forming condition of each film is as in Table 1 . 
[0143] A result of the measurement of the sheet resistance and the visible light transmittance of the multi-layer con- 
so ductive film is shown in Table 3. 

[0144] A protective plate of the present invention was prepared in the same manner as Example 7 except that the 
near infrared ray shielding resinous film 6 was not used. A result of the evaluation as Example 1 on the obtained pro- 
tective plate is shown in Table 3. It showed excellent near infrared ray shielding property although it did not have the 
near infrared ray shielding resinous film 6. 

55 

(EXAMPLE 10) 

[0145] A glass plate with a transparent conductive film was prepared in the same manner as Example 7 except that 
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the transparent conductive film shown in Table 2 was formed. The film-forming condition of each film is as in Table 1 . 
[0146] A result of the measurement of the sheet resistance and the visible light transmittance of the multi-layer con- 
ductive film is shown in Table 3. 

[0147] A protective plate of the present invention was prepared in the same manner as Example 1 except that the 
5 near infrared ray shielding resinous film 6 was not used. A result obtained by conducting the same evaluation as Exam- 
ple 1 on the obtained protective plate is shown in Table 3. It showed excellent near infrared ray shielding property 
although it did not have the near infrared ray shielding resinous film 6. 

(EXAMPLE 11) 

10 

[0148] A glass plate with a transparent conductive film was prepared in the same manner as Example 7 except that 
the transparent conductive film shown in Table 2 was formed. The film-forming condition of each film is as in Table 1 . 
[0149] A result of the measurement of the sheet resistance and the visible light transmittance of the multi-layer con- 
ductive film is shown in Table 3. 
is [0150] A protective plate of the present invention was prepared in the same manner as Example 1 except that the 
near infrared ray shielding resinous film 6 was not used. A result obtained by conducting the same evaluation as Exam- 
ple 1 on the obtained protective plate is shown in Table 3. It showed excellent near infrared ray shielding property 
although it did not have the near infrared ray shielding resinous film 6. Further, the width of wavelength capable of main- 
taining a low reflection was wider than that of Example 9 or 10. 

20 

(EXAMPLE 12) 

[0151] A glass plate with a transparent conductive film was prepared in the same manner as Example 7 except that 
the transparent conductive film shown in Table 2 was formed. The film-forming condition of each film is as in Table 1 . 

25 [01 52] A protective plate of the present invention was prepared in the same manner as Example 7 except that a pol- 
yethylene terephthalate (PET) film (200 fim thick) was used instead of the near infrared ray shielding resinous film 6. As 
a result of the same evaluation as Example 1 on the obtained protective plate, the sheet resistance was 2.5 QJo and 
the visible light transmittance was 60%. Further, the electromagnetic wave shielding property was good as shown in 
Figure 6. The near infrared ray transmittance was less than 5% in 800-850 nm and less than 10% in 850-1100 nm, 

30 which showed sufficient shielding property respectively. 

[01 53] A protective plate of the present invention was prepared in the same manner as the above except that the PET 
film was not used. 

[01 54] As humidity tests, protective plates were placed in a vessel of high temperature and humidity of 60°C and 95% 
for 1000 hours. As a result, there was found no change in appearance on the protective plate having the PET film, and 
35 on the other hand, the visible light reflectivity was increased on the protective plate without having the PET film, and the 
reflection color was changed to a reddish tone. 

(EXAMPLE 13) 

40 [0155] A glass plate with a transparent conductive film was prepared in the same manner as Example 6 except that 
the transparent conductive film shown in Table 2 was formed, and further, a protective plate of the present invention was 
prepared in the same manner as Example 6 (both outermost surfaces of the protective plate constitute anti-reflection 
layers of ARCTOP). 

[0156] A result obtained by conducting the same evaluation as Example 1 on the obtained protective plate is shown 
45 in Table 3. The near infrared ray transmittance was less than 5% in 800-850 nm and less than 10% in 850-1 100 nm, 
which showed sufficient shielding property respectively. 
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Table 3 
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(Multi-layer conductive film) 














Sheet resistance (Q/rj) 


3.5 


3.5 


3.5 


2.5 


2.5 




Visible light transmittance (%) 


75.2 


75.2 


75.2 


67.0 


68.0 


10 


(Protective plate) 














£hoot rocicfanpo iO/n\ 
oiicci icoioidiiuc y±vLJ/ 


3.5 


3.5 


1.75 


2.5 


2.5 




Visible liaht transmittance (%) 


70.0 


70.0 


53.0 


59.0 


59.0 


15 


Transmission color (x, y) 


(0.3010, 
0.3170) 


(0.3010, 
0.3170) 


(0.3130, 
0.3260) 


(0.3009, 
0.3100) 


(0.3000, 
0.3110) 




Visible light reflectance (%) 


1.9 


1.9 


3.0 


1.8 


1.9 




Reflection color (x, y) 


(0.2770, 
0.2050) 


(0.2770. 
0.2050) 


(0.2205, 
0.2310) 


(0.2771, 
0.2263) 


(0.2100. 
0.2510) 


20 


Infrared ray (900 nm) transmit- 
tance (%) 


4.0 


4.0 


0.2 


2.5 


2.5 




Destruction test (J IS R3211) 


o 


O 


O 


O 


O 


25 


Example 6 


Example 7 


Example 8 


Example 9 


Example 10 


Example 1 1 


Example 13 


3.5 


4.0 


2.5 


2.0 


1.5 


1.5 


2.4 




75.2 


74.0 


68.0 


64.0 


59.0 


59.0 


68.0 




3.5 


4.0 


2.5 


2.0 


1.5 


1.5 


2.4 


30 


60.0 


70.0 


59.0 


56.0 


63.0 


63.0 


57.0 




(0.3000, 
0.3160) 


(0.3015, 
0.3118) 


(0.2998, 
0.3112) 


(0.2974, 
0.3031) 


(0.3109, 
0.3494) 


(0.3065, 
0.3232) 


(0.3010, 
0.3060) 




2.0 


2.2 


1.9 


2.1 


2.5 


2.1 


1.9 


35 


(0.2783, 
0.2060) 


(0.2516, 
0.2190) 


(0.2105, 
0.2513) 


(0.2665, 
0.2854) 


(0.2249, 
0.2092) 


(0.3428, 
0.2933) 


(0.2700, 
0.2904) 




3.5 


5.0 


2.5 


3.3 


1.0 


0.8 


4.0 


40 


O 


O 


O 


O 


O 


O 


O 



INDUSTRIAL APPLICABILITY 

[0157] The protective plate of the present invention has an electromagnetic wave shielding effect and a near infrared 
45 ray shielding effect. Further, a film for preventing scattering is attached to a surface or the formation of lamination glass 
eliminates the scattering of glass pieces even though the glass is broken. Further, an anti-reflection film is bonded to or 
a film of low refractive index is formed on each surface of the protective plate of the present invention whereby an anti- 
reflection treatment is conducted. Accordingly, there is no difficulty in seeing the picture surface of PDP because of an 
interior illumination. 

50 

Claims 

1. A protective plate for a plasma display comprising a conductive substrate for protecting a plasma display and an 
electrode in electrical contact with the conductive substrate. 

55 

2. The protective plate for a plasma display according to Claim 1 , wherein the conductive substrate for protecting a 
plasma display comprises a substrate and a conductive film formed on the substrate. 
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3. The protective plate for a plasma display according to Claim 2, wherein the substrate is a glass plate. 

4. The protective plate for a plasma display according to Claim 2 or 3, wherein a resinous film for preventing the scat- 
tering of the protective plate is provided on a front surface and/or a rear surface of the substrate, or the substrate 

s is laminated on a separate substrate by interposing a resinous interlayer, whereby a scattering protection property 
is provided. 

5. The protective plate for a plasma display according to Claim 2, 3 or 4, wherein a resinous film of low refractive index 
is provided or a thin film of low refractive index is formed, on a front surface and/or a rear surface of the substrate, 

10 whereby an anti-reflection property is provided. 

6. The protective plate for a plasma display according to Claims 2, 3, 4 or 5, wherein the conductive film is a multi- 
layer conductive film wherein an oxide layer and a metal layer are laminated alternately from a substrate side to 
form in total (2n+1) layers (wherein n is an integer of at least 1). 

15 

7. The protective plate for a plasma display according to Claim 6, wherein the oxide layer is an oxide layer comprising 
ZnO as the main component, and the metal layer is a metal layer comprising Ag as the main component. 

8. The protective plate for a plasma display according to Claim 7, wherein the oxide layer comprising ZnO as the main 
20 component is an oxide layer comprising ZnO containing at least one metal. 

9. The protective plate for a plasma display according to Claim 8, wherein the proportion of the total amount of the at 
least one metal contained in ZnO is within 1 -10 atomic % based on the sum of the total amount of the metal and Zn. 

25 1 0. The protective plate for a plasma display according to Claim 9, wherein the metal contained in ZnO is at least one 
metal selected from the group consisting of Sn, Al, Cr, Ti, Si, B, Mg and Ga 

1 1 . The protective plate for a plasma display according to Claim 10, wherein the metal layer is a metal layer comprising 
Ag as the main component. 

30 

1 2. The protective plate for a plasma display according to Claim 1 1 , wherein the metal layer comprising Ag as the main 
component is a metal layer comprising Ag containing Pd and/or Au. 

13. The protective plate for a plasma display according to Claim 12, wherein the proportion of the total amount of Pd 
35 and/or Au is within 0.3-1 0 atomic % based on the sum of Ag and the total amount of Pd and/or Au. 

14. The protective plate for a plasma display according to any one of Claims 6-13, wherein the conductive film is a 
multi-layer conductive film in which an oxide layer and a metal layer are alternately laminated into 7 layers. 

40 1 5. The protective plate for a plasma display according to Claim 1 4, wherein the film thickness of the fourth metal layer 
among the second metal layer, the fourth metal layer and the sixth metal layer in the 7 layer conductive film is larger 
than that of the second metal layer and is larger than that of the sixth metal layer. 

1 6. The protective plate for a plasma display according to any one at Claims 1-15, wherein a moisture-proof film is pro- 
45 vided to prevent the deterioration of the conductive film due to moisture. 

1 7. The protective plate for a plasma display according to any one of Claims 1-16, wherein a film having a near infrared 
ray absorbing property is provided. 

so 18. The protective plate for a plasma display according to Claim 5, wherein the resinous film of low refractive index is 
a colored film. 

19. The protective plate for a plasma display according to Claim 16. wherein the moisture-proof film is a colored film. 

55 20. The protective plate for a plasma display according to Claim 1 7, wherein the film having a near infrared ray absorb- 
ing property is a colored film. 

21 . A method for producing a protective plate for a plasma display comprising forming an electrode in the entire periph- 



17 



EP0 949 648 A1 

ery of a substrate and forming a conductive film to cover the electrode. 
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